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Executive Summary 
 
For this project, we were tasked with improving the current operation of a pamphlet insertion 
machine for Weaver Industries.  Located in Cuyahoga Falls, Ohio, Weaver Industries is a 
company whose mission is to “maximize the independence and personal fulfillment of 
individuals with disabilities.”  The main operation of the prototype is to assist the handicapped 
operator by automating the process for one of their products, a “Kong” dog toy.  Currently, the 
workers manually insert each pamphlet into the cardboard packaging by hand.  Over the past 
three years, there have been three separate design groups tasked with building and improving 
upon each previous design, with our group being the fourth.  Last year’s group was able to 
improve the machines overall structure and operation, but still unable to achieve a high enough 
success rate.  Our goal this year is to further automate the process as to decrease jamming and 
improve ease of operator use through simplifying the loading process.  
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Introduction 
 
Background 
 
In 2015, Weaver Industries provided the University of Akron senior design groups with the 
opportunity to automate a machine that assists disabled workers with one of their products, a 
“Kong” dog toy, which required for a small instruction pamphlet to be inserted into a cardboard 
package by hand.  This manual process was to be replaced by an automated machine that 
produced reliable, efficient outcomes that would help reduce the labor required by the 
workers.  Over the course of four years, the structure of the machine has been changed to 
make further improvements, with last year’s group leaving us an almost operational prototype.  
After conducting an evaluation of the current operation and addressing the areas of concern, 
we have developed what we hope will be the final version of this design. 
 
Principles of Operation 
 
The driving principle for this project is automation.  Automation is something that is used widely 
in many industries, and that is only going to continue to grow in popularity as technology and the 
know-how continue to improve.  Automation, or automatic control, is the use of various control 
systems for operating equipment to complete the required task without human intervention - or 
with as little as possible.  A few areas already utilizing automation are as follows: machining, 
process lines in factories, steering and stabilization of ships and airplanes, and data entry.  With 
so many examples of the benefits of using automation in our economy, it is something that will 
certainly continue to improve and play a bigger part in more and more people’s everyday lives.  
Less spending on labor and employee benefits, better utilization of energy and materials, and 
increased process/product quality are just some of ways automation helps to lower overall cost, 
thus making its end users more profitable.  However, Weaver did not wish to introduce 
automation as a way to replace workers – instead they hope to use it as a means to create more 
job opportunities for disabled workers that require more assistance from their equipment. 
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Product Definition 
 
Short Design Brief 
Our task is to improve the design of an automated system that inserts an instruction pamphlet 
into its allotted slot of a larger, cardboard packaging.  Building upon the progress of the 
previous three senior design teams, the prototype is to be improved in terms of its efficiency 
and reliability.  Below is a schematic illustrating the design upon reception of last year’s 
prototype. 
     Stack of Cardboard Packages Loaded in “Package Hopper” 
     
 
 
Motion of the system is shown here using the dashed blue 
arrows, with the final package and insert being ejected as 
a pair  
 
Instruction Manual Pamphlets             
Placed Manually onto “Pamphlet 
Slide” 
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Expanded Design Brief 
We are to improve upon the design of an automated system that inserts an instruction 
pamphlet into its allocated slot within a larger, cardboard packaging.  The previous prototype 
needs to be improved and have additions made to it in order to increase success, reliability and 
efficiency.  At its current capacity, the design operates effectively in regards to its “Pamphlet 
Hopper” – the loading mechanism in which a stack of the cardboard toy packages are placed, 
similar to the idea of a paintball gun “hopper” that feeds the paintballs to the system.  Utilizing 
a loading hopper in this design is the principal we are to effectively replicate for the instruction 
manual pamphlets.  With an equivalent loading mechanism for the pamphlets, the overall 
efficiency of the system would be increased as the need for human operation decreases.  In 
addition to the “pamphlet hopper” – as we’ll refer to it throughout the report – being added, 
we must not interfere with the functions of the system that work as desired.  The automation 
of the system is such that the packaging tray moves to its position first, followed by the motion 
of the “pamphlet slide.”  This pamphlet slide is part of the Slide sub-system (Figure 14), 
designed as part of the insertion arm sub-assembly.   Once both mechanisms have made their 
programmed motion, they return to their starting position in the inverse – first the pamphlet 
slide, then the packaging tray. The pamphlet must be inserted completely and the system must 
improve production rates of the previous process that required workers inserting the pamphlet 
by hand.  In order to reduce the required manual labor by disabled workers, the machine is to 
complete the entire insertion process with as little user interaction as possible.  Additionally, 
the machine must also be free of pinch points and incorporate electrical components in a safe 
manner.  Before the machine can be put into production, the success rate must be 100% and 
the loader for the pamphlets must operate similar to that of the packaging. 
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Conceptual Design 
 
Product Specifications 
 Instruction Pamphlet Dimensions 
- 3.5 x 0.89 x 0.04 inches 
 
Cardboard Package Dimensions 
- 4 x 6.5 x 0.08 inches (small) 
- 6 x 9.5 x 0.08 inches (large) 
 
Pocket Size (Into Package) 
- 1.5 inches long 
 
 
Figure 1. Insertion Pamphlet and Package 
 
Function Structure Diagram 
A function structure diagram uses a flowchart type layout to show the paths taken by material, 
energy, and signal through a system.  In order to assure simplicity, let us first analyze the 
system as a self-contained black box (Fig. 2), moving into the more detailed layout of operation 
within the system itself (Fig. 3). 
Overall Function Structure Diagram 
 
Figure 2. Overall Function Structure Diagram 
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Detailed Function Structure Diagram 
 
Figure 3. Detailed Function Structure Diagram 
 
Concept Sketches 
Some conceptual sketches developed during the early stages of our design can be found below. 
 
Loading:  Our first objective was to design a hopper for the instruction pamphlets.  Last year’s 
group designed a hopper that operated similarly to that of the packaging – a stack of pamphlets 
loaded vertically in hopes that one would slide out with the pamphlet slide each time.  This 
method proved ineffective, so we began by brainstorming ways to enhance the pamphlet 
hopper. 
 
 Figure 4.  Current Design – Gravity   Figure 5.  Spring Loaded + Roller 
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 Figure 6.  Gravity + Guide Slot   Figure 7.  Weighted Arm + Roller 
 
Linkages:  Our next objective was to automate a way to load the pamphlets onto the arm 
utilizing either mechanical or mechatronic system.  Since last year’s design group left an almost 
fully operational mechatronic system that utilized two motors, we decided the most efficient 
route forward was by adding a mechanical system that could work alongside the different sub-
system functions to operate using the already present mechanical energy of the system.  This 
energy would be utilized to turn a high-friction roller on which the loaded pamphlets lay on, 
rolling one pamphlet onto the pamphlet slide. 
  
 
Figure 8.  Mechanical Synchronization – Concept 1 
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Figure 9.  Mechanical Synchronization – Concept 2 
 
 
 
Figure 10.  Mechanical Synchronization – Concept 3 
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Morphological Chart 
In order to better analyze the overall function of the system, a morphological chart is used.  By 
evaluating the designs created in the conceptual stage, we can begin to piece together the 
separate sub-systems to create different combinations that can achieve the end objective.  
With much progress made by past design groups, our additions to the overall system were 
minimal, and thus some of the concepts from past morphologic charts remains.  Below are the 
models considered for each sub-function.  NOTE: (#) Signifies corresponding concept number 
Sub-
Functions 
Solution 
Power 
Electrical 
 
Pneumatic             
 
  
Transmission 
Friction Wheel 
 
Rack & Pinion 
 
Conveyor/Pulley 
 
 
Linear 
Movement 
Roller Bearings 
 
Guide Rod & 
Bushings 
 
Rail 
 
Needle Bearings 
 
Packaging 
Feeder 
Tray 
 
Slide Pusher 
 
Conveyor 
 
 
Pamphlet 
Hopper 
Gravity                   (1) 
 
 
Spring Loaded & 
Roller                  (2) 
 
Gravity & Guide 
Slot                   (3) 
 
 
Spring Arm & 
Roller                (4) 
 
Linkages 
Mech. Synch. Layout 1     (5) 
 
Mech. Synch. Layout 2       (6) 
 
Mech. Synch. Layout 3 (7) 
 
Figure 11.  Morphological Chart 
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Concept Screening Sheet 
A rough screening chart’s purpose is to take a large number of concepts and reduce them to 
only a few.  The chart below shows the flow of ideas from the first brainstorming session to the 
final concepts used in design. 
 
 
Figure 12.  Concept Screening Chart 
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Objective Tree 
An objective tree is a tool used to place a weighting system on the various metrics used in a 
specific design.  The factors being considered at each level of the tree are assigned a value 
between 0 and 1 in order of importance (1 being absolute priority) in order to access what 
parameters will hold most significance in the decision making process. 
 
 
Figure 13.  Objective Tree 
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Weighted Decision Matrix 
A weighted decision matrix uses the criteria from the objective tree and places a value on each 
of the evaluation criteria for each of the seven concepts in order to select a final concept. The 
scoring system (signified by S on the table below) chosen was 1-10, where 10 was very good, 
and 1 was poor or inadequate. From here, we stepped through each evaluation criteria, 
assigning the perceived score of each concept, and then multiplied by the weighting factor of 
that criteria to assign a rating (R). Each of the 8 criterion were addressed in this manner, in 
order to obtain the Total Weighted Value rating of each design, with the highest value 
indicating the best concept.  As identified in blue shading below are the designs rated the 
highest, with two separate areas of improvement being considered.  Concept 4 was able to 
edge out the other loading concepts due to its relatively simple operation that we felt would 
provide the pamphlets with enough force to engage the roller placed beneath it, enabling a 
pamphlet to be dispersed onto the pamphlet slide.  Concept 7 was the choice selected to move 
forward with to provide energy to our pamphlet loading mechanism (Concept 4).  This design 
was advantageous in terms of ease of machining as less connections are required and there is 
not as much additional linkages to be added. 
16 
 
 
Table 1.  Weighted Decision Matrix 
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Embodiment Design 
 
Product Architecture 
 
Schematic Diagram 
A schematic diagram of the system is produced to help show how each separate subsystem 
works along with the other modules to complete the desired function of the system.  The 
system we designed incorporates 5 different modules to complete the automated task.    
 
Figure 14.  Schematic Diagram 
 
Configuration Design 
After brainstorming, generating different conceptual designs for improvement, and deciding on 
a final design to move forward with, the next challenge was to evaluate how to incorporate the 
additions we wanted to make to the current structure.  With an already operable system, we 
needed to consider how to improve the function of the prototype without ruining the progress 
made by senior design groups from years past.  In order to make this a reality, we had to get 
exact measurements from the prototype and configure our new parts in SolidWorks to get an 
idea of how the modules needed to work together.  A few of the factors deliberated were: 
materials to be used, tolerances to be met, and strength in connections. 
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Machine Frame 
The machine frame is made of MakerbeamXL 100 and 150 mm beams as well as MakerbeamXL 
cubes. This provided a solid base for the rest of the subassemblies, both from years past and 
new. Also, it aids in raising the system off of the table or the ground in order for the packaging, 
along with an inserted pamphlet, to be ejected downward. 
 
 
Figure 15.  Machine Frame Assembly 
An exploded view shows how the corner connections were assembled. The screws used in the 
linkages were M3 socket head cap screws. 
 
Figure 16.  MakerbeamXL Corner Exploded View 
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Acrylic Assemblies 
The Pamphlet Hopper, Packaging Hopper, Tray Assembly and Base Assembly are made of clear 
cast acrylic. IPS Weld-on 2 Acrylic Cement was used to join all of these acrylic subassemblies. 
After some research, we confirmed this adhesive would suffice in holding the acrylic pieces 
together through constant motion of the system. M3 socket head cap screws hold the base 
assembly to the machine frame, and dimensioned part drawings as well as these assembly 
drawings can be found in the Appendix. 
 
Gear/Pulley Connection 
In order to add an improved pamphlet hopper assembly, we needed to design a way to supply 
mechanical energy to the friction roller located directly underneath.  The diameter of the shaft 
added needed to be 0.25”, with a length of 10.5”, and once fed through the acrylic, mounted in 
place with a roller of outer diameter .55”.  To successfully supply torque to the arm, it was 
decided two pulleys with a nominal diameter of 2.5” would provide one full revolution of the 
roller arm, powered by a pulley located on an extended drive shaft of the tray subassembly 
motor.  The required length of the added drive shaft to allow for an externally located pulley 
was 5.5”, and in order to reduce rotation to only one direction, a one-way bearing was 
mounted between the pulley and drive shaft. 
 
Figure 17.  Gear/Pulley Components Isometric View 
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Selection of Materials 
Once we were able to complete the new design of the assembly to include the additions, we 
had to make a few decisions about what material we wanted to move forward with.  Since we 
are not the first group to have worked on this project, it was not our intent to alter the great 
progress made by the seniors who built the structure last year.  Thusly, a majority of the 
materials have remained.  However, there were no additional materials left over by the 
previous design group, so any added parts had to be deliberated.   Throughout the section we 
have included some research and thought processes of previous design groups on the materials 
used that helped us to advance in our improvement of the prototype as well as the materials 
that were added. 
 
Packaging Hopper, Slide Track and Frame: 
The prototype passed on to us by last year’s group came with an impressive assembly of 
Makerbeam XL beams and linkages as well as acrylic subassemblies.  In consideration of the 
materials to be used, a few other options analyzed for use in the structure were polycarbonate 
and sheet metal.  To ensure ease of use for the operator – adhering to the metric on the 
objective tree – as well as efficiency in testing, the system was made to be transparent as well 
as easy to machine.  The packaging hopper, slide track, and other framework are all made of 
acrylic.  We chose to have the pamphlet hopper 3-D printed using PLA material because of its 
quick process and quality prototyping.  Pros and Cons of some materials used can be seen 
below. 
 
Packaging Hopper, Slide Track and Frame 
Material Pros Cons 
Acrylic Transparent, Easily Machined, Low Cost Non-abrasive resistant 
Polycarbonate Transparent, Strong Moderate Cost 
Sheet Metal Strong Higher Cost, Non-Transparent 
Table 2.  Material Selection Packaging Hopper, Slide Track, and Frame 
 
Another resource we were fortunate to have from last year’s group is the charts shown in 
Figure 18. and Figure 19. below.  By developing charts of Young’s Modulus vs Density and Price 
vs Density for a large range of materials, they were able to evaluate the best option to use.  It 
was decided that acrylic would sufficiently meet design criteria and was the material used in 
much of the system. 
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Figure 18.  Density vs Young’s Modulus 
 
 
Figure 19.  Density vs Price 
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Pamphlet Insertion Mechanism 
The system designed to insert the pamphlet into the packaging was built by last year’s group, 
and we decided to incorporate it into our prototype as well. It is made of four separate parts: 
Insertion Panel, Slide Block, Bushings and Guide Rods. After reviewing its design and their 
material selection process, all the parts seemed to meet or exceed the requirements that were 
needed for each application.  Our job was to improve the pamphlet loading hopper to place a 
pamphlet onto the pamphlet slide while keeping its current operation, and we were able to do 
so by using the motor and rack & pinion transmission of the tray assembly. 
 
Insertion Panel 
The insertion panel needed to be lightweight enough to not require a heavy duty motor to 
move it. It also needed to be strong enough to handle wear over time from friction caused by 
constantly moving in and out of the packaging. After comparing different materials shown on 
the table below, it was decided aluminum sheet metal would be utilized.   
Insertion Panel 
Material Pros Cons 
Steel Sheet Metal Strong, Formable, Can Epoxy Moderate Cost 
Aluminum Sheet Metal Strong, Formable, Can Epoxy, Low 
Cost 
Bending 
Delrin Light Weight, Low Cost Low Abrasive Resistance 
Table 3.  Material Selection Insertion Panel 
 
Slide Block 
The slide block provided to us by the previous year’s design group is made out of PLA plastic, 
and was fabricated using 3-D printing.  This method of machining was used because of its 
reliability in producing precise dimensions, as was required by the complex design of the slide 
block housing the bushings and guide rod for the pamphlet slide assembly. 
Slide Block 
Material Pros Cons 
Aluminum Strong, Easily Machined Low Prototyping Capability 
ABS Strong, 3-D Print Capability Higher Cost 
PLA 3-D Print Capability, Light Weight, Low Cost  Low Abrasive Resistance 
Delrin Easily Machined Low Abrasive Resistance 
Table 4.  Material Selection Slide Block 
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Bushings 
Only two types of bushings were considered to hold the guide rods. The bronze bushings were 
chosen over the plastic bushings due to their sustainability and possibility to be lubricated if 
necessary. 
Bushings 
Material Pros Cons 
Plastic Low Cost, Expendable Weak 
SAE 841 Sintered Bronze Oil Injected, Low Cost, Tight Tolerance Not Much Expansion 
Table 5.  Material Selection Bushings 
 
Guide Rods 
When considering how to make guide rods, the previous group understood the need for them 
to be sturdy in order to sustain their constant use. PVC and aluminum were the two materials 
considered, and they chose to go with Aluminum due to its higher durability and ability to hold 
a tight tolerance with the bronze bushings. 
Guide Rods 
Material Pros Cons 
Tight-Tolerance Aluminum Tight-Tolerance, Strong Low Prototyping Capability 
PVC Easily Fabricated, Low Cost Weak, Low Tolerance 
Table 6.  Material Selection Guide Rods 
 
Pamphlet Hopper and Pulleys 
For the newly designed pamphlet hopper subassembly, we considered the materials that had 
already been used in different modules of the full design.  Our added gear/pulley connection 
required the use of a one-way bearing to be mounted on the drive shaft within the pulley to 
control the motion of the roller.  Given the diameter of the extended drive shaft, we utilized an 
Amana RB-106 Reduction Bushing to allow the .25” drive shaft to fit the CSK8 One Way Bearing 
Sprag Freewheel Backstop Clutch inner diameter of 8 mm.  This then required a pulley with an 
altered inner diameter of 22 mm to be mounted with the bearing.  In order to precisely 
machine the required dimensions of our pamphlet hopper and the two different pulleys, we 
utilized the universities 3-D printer to print our design in PLA plastic. 
Pamphlet Hopper and Pulleys 
Material Pros Cons 
Acrylic Transparent, Easily Machined, Low Cost Non-abrasive resistant 
ABS Strong, 3-D Print Capability Higher Cost 
PLA 3-D Print Capability, Light Weight, Low Cost  Low Abrasive Resistance 
Table 7.  Material Selection Pamphlet Hopper and Pulleys 
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Manufacturing Process 
Several components of our design had to be fabricated by our group.  The following sections 
give a brief overview of the methods used to complete our project. 
 
3-D Printing 
As conveyed in the Selection of Materials sections, many of the components in our prototype 
were 3-D printed. The pamphlet hopper subassembly and both pulley designs were was 
designed as a prototype and printed using a gray PLA. This allowed the components to be 
quickly designed and built without large manufacturing costs or time. Additionally, this also 
provided a relatively strong and lightweight component that could be quickly implemented in 
the machine. The finish on the inserter was not as fine due to low resolution and high printing 
speed, but the pamphlet hopper assembly came out in a very high quality.   
 
Machining 
For the machining aspects of our design, we utilized the tools in the Engineering Machine Shop 
of ASEC.  The steel rods we purchased to extend the drive shaft of the stepper motor on the 
tray assembly and to link the driven pulley to the friction roller below the pamphlet hopper 
were cut to tolerance using a band saw and smoothed out using a filer.  We initially tried to 
remove the coupling that had already been mounted on the stepper motor using pliers and a 
table mount, then, after a blowtorch would still not loosen the metal, we decided the motor 
must be used with the coupling as is.  In order to extend the drive shaft, we bought a longer set 
screw to link the added shaft to the present one.  The holes for the driven steel shaft below the 
pamphlet hopper were made using a hand drill and the shaft was mounted in place using ¼ inch 
washers paired with shaft locks.  For the high friction roller we used a ¼ inch PVC pipe wrapped 
in high friction tape to achieve the roller tolerance.  The printed pamphlet hopper was mounted 
to the frame using Gorilla Glue. 
 
Electronics 
An Arduino R3 was used to control the electronics in the machine by last year’s design group, 
paired with breadboards to test the connections and a large breadboard on the inserter 
machine to hold the stepper motor drivers. They then soldered the pins of the motor drivers to 
the breadboard to complete their power source connection.  Given the operation of the 
acquired prototype was already significant, our group did not tamper with the Arduino and 
breadboard to avoid introducing any error. 
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Selection of Motor 
Upon beginning the design of the current prototype by seniors from last year, the function 
structure was such that two motors were considered: a sm-42byg011-25 bi-polar 2 phase 12-
volt 0.33 A mercury stepper motor and a Nema 17 B00PNEQKC0 bi-polar 2-phase 2.0 A stepper 
motor.  After testing the performance of each, the output torque by the mercury motor proved 
to be insufficient.  In order to avoid adding complexity to the system and a required 
rewiring/reprogramming of the Arduino, our group decided to not add another motor but use 
the already present mechanical energy of the two motors. 
     
Figure 20.  sm-42byg011…. Mercury Motor   Figure 21.  Nema 17… Motor 
 
 
Detail Design 
 
Standard Components 
Since we received large amount of the systems components from last year’s group, the 
specifications for those parts are shown below.  The Amana rb-106 reduction bushing and the 
csk8 One Way Bearing did not have specification sheets similar to those of the standard 
components used in previous years. 
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Bushings 
 
Figure 22.  Bushings Specifications Sheet 
 
Guide Rods 
 
Figure 23.  Guide Rod Specifications Sheet 
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Sheet Metal 
 
Figure 24.  6061 Aluminum Sheet Metal Specifications Sheet 
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Acrylic Sheet 
 
Figure 25.  Acrylic Sheets Specifications Sheet 
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Arduino Uno R3 
 
Figure 26.  Arduino Uno R3 Specifications Sheet 
Stepper Motors 
 
Figure 27.  Stepper Motor Specifications Sheet 
30 
 
Part Drawings 
Detail drawings are an important part of the fabrication process.  Below are two of the part 
drawings we created in the embodiment design stage. 
 
 
Figure 28.  Pamphlet Hopper – Back Side Part Drawing 
 
Figure 29.  Pulley – Driver Part Drawing 
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Assembly Drawings 
  
Full Isometric View 
 
Figure 30.  Pamphlet Insertion Machine Assembly Isometric View 
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Sub-Assembly Drawings 
 
 
Figure 31.  Machine Frame Assembly Drawing 
 
Figure 32.  Base Assembly Drawing 
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Figure 33.  Hopper Assembly Drawing 
 
 
Figure 34.  Inserter Assembly Drawing 
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Figure 35.  Tray Assembly Drawing 
 
 
Figure 36.  Pamphlet Hopper Assembly 
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Exploded View Drawings 
 
 
Figure 37.  Exploded Top Level Full Assembly View 
 
 
Figure 38.  Inserter Sub-Assembly Exploded View 
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Bill of Materials: 
Purchased By Supplier Item(s) Price 
Zach Skraba 
Amazon 
Amana RB-106 Reduction 
CSK8 One Way Bearing Sprag Freewheel  
ProTapes Pro Friction Tape 
$4.61 
$15.92 
$5.15 
Lowes 
¼” x 3’ PLTD Steel 
3/16” x 3’ PLTD Steel 
$3.35 
$2.98 
Colton Rentsch 
Amazon 
One Way Gears (x 2) 
4 Pack of Shaft Locks 
8” Rubber Belt 
$40.36 
$12.40 
$9.99 
Home Depot 
¼” Washers 
Net Screw 
Adhesive 
¼” Pipe 
Hallow Rod 
$1.18 
$0.68 
$5.97 
$1.77 
$7.62 
Total $111.98 
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Prototype Testing Results 
 
Upon receiving last year’s prototype, the first problem to be addressed was finding a power 
source.  Although we received a power source with the prototype, upon plugging it in the 
machine did not operate as intended.  With no electrical engineers in the group, and after 
consulting with friends who were, we were able to decipher that the problem was not with the 
Arduino or breadboard, but with the input power.  We reached out to the team members from 
last year to see if they had experienced any similar problems and were finally able to figure out 
what type of power source we needed: at least 18 V and 2 A.  Once the machine was operable, 
we were able to better analyze the problem areas of the prototype.  The first problem we 
encountered while testing was how to assure the pamphlet was placed onto the correct 
location of the pamphlet slide from the hopper each time.  Initially we had problems with 
interlocking the design of the pamphlet hopper to the present structure of the prototype, as 
the black acrylic used to hold the rack for the slide assembly was being blocked by its 
positioning.  Fortunately, this problem was easy to fix by filing down some of the plastic on the 
top guide of the hopper.  To take the place of a roller, as finding one the right size wasn’t 
feasible, we decided on cutting a ¼” PVC pipe to just within 3.5” to fit on the end of the driven 
shaft with high friction taped wrapped around its surface. 
 
Figure 39.  Pamphlet Hopper Top Guide Blockage 
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The next issue of deliberation for our group was the extension of the drive shaft.  While we 
initially hoped to simply remove the coupling from the drive shaft and replace it with one long 
enough for our loading mechanism, but after attempting to remove the coupling, we had to 
rethink the solution.  The coupling had been toleranced for the I.D. of the pulley located on the 
drive shaft, so we decided to keep the coupling and pulley as-is by adding a shaft that would fit 
the I.D of the coupling and utilizing a longer set screw.  Although this sufficed to supply torque 
to both the packaging tray, a stronger motor would be recommended to help ease the load of 
the tray subsystem. 
Discussion 
 
The Instruction Pamphlet Insertion Machine as a project offered our group many design 
challenges and opportunities to test our knowledge of engineering principles. Our group was 
able to work through the design process learned in our Concepts of Design course and make 
the necessary changes and improvements along the way. We went through several design 
iterations on certain aspects of this project that helped us get a better understanding of how 
this machine operates best. 
 
While we were able to utilize many of the key components of this machine thanks to past 
groups, we gained valuable experience from having to re-design parts for the system and 
incorporating them effectively.  Our first task was to design a pamphlet hopper that would work 
in unison with the packaging hopper tray.  Next, we had to arrange for energy to be supplied to 
the added system, whether with an added motor or by utilizing the already present mechanical 
energy.  Along with mechanical experience, this project also incorporated electrical and 
computer engineering aspects.  Although electronics is not a great strength of anybody in our 
group, it was a good learning point for working with things that are unfamiliar.  Finally, we 
gained a fair amount of machining and power tool experience. Much of the material in our 
project came in stock size and had to be modified to fit our needs. 
 
This project encompassed several aspects of Akron’s engineering program and helped us build 
and improve some of our skills. We were able to face and overcome several challenges along 
the way, and by completing this project we have gained very practical knowledge of the 
engineering design process. 
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Conclusion 
 
At the inception of our design project, we analyzed the current machine design and looked for 
possible problems and improvements.  We received the third-generation prototype with which 
to work with in an already partially operable state, and proceeded with many of the sub-
assemblies designed by last year’s group.  Given the industry in which the prototype is to be 
used, error is to be at an absolute minimum, while the user interface is to be kept simple as 
possible.  We were able to design a pamphlet hopper to incorporate into the assembly, as well 
as a roller arm to eject one pamphlet at a time onto the pamphlet slide.  By utilizing mechanical 
synchronization we were able to tweak the present function structure of the prototype to have 
an already programmed motor complete separate tasks simultaneously.  Another unique part 
of this project was not having to design a system from scratch, but instead evaluating the 
operation of the system and improve the areas of concern it contained.  Our coursework 
includes many examples of designing a solution for a particular problem from beginning to end, 
but only few that require us to troubleshoot an already designed structure and decide on how 
to improve its function.  This project provided a unique design problem that has given our 
group more perspective of the different dilemmas faced by engineers in the field. 
 
Weaver Industries working to provide people that have disabilities jobs is a very admirable 
action. The Instruction Pamphlet Insertion Machine over the last four years has come a long 
way, and we believe our final design will help to provide real world aid to the disabled workers 
who use it. 
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Appendices 
 
Appendix A:  Part Drawings 
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Appendix B:  Project Pictures 
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Appendix C:  Arduino Code Used 
int dirpin1 = 2; 
int steppin1 = 3; 
int dirpin2 = 4; 
int steppin2 = 5; 
 
void setup()  
{ 
 
pinMode(dirpin1, OUTPUT); 
pinMode(steppin1, OUTPUT); 
pinMode(dirpin2, OUTPUT); 
pinMode(steppin2, OUTPUT); 
 
} 
void loop() 
{ 
 
  int i; 
                                   // Tray 1 step 
  digitalWrite(dirpin1, LOW);      // Set the direction. 
  delay(500); 
 
  for (i = 0; i<3650; i++)         // Iterate for 4000 microsteps. 
  { 
    digitalWrite(steppin1, LOW);   // This LOW to HIGH change is what creates the 
    digitalWrite(steppin1, HIGH);  // "Rising Edge" so the easydriver knows to when to step. 
    delayMicroseconds(700);        // This delay time is close to top speed for this 
  }                                // particular motor. Any faster the motor stalls. 
 
                                   // Inserter 1 step 
  digitalWrite(dirpin2, LOW);      // Set the direction. 
  delay(500); 
 
  for (i = 0; i<1500; i++)       // Iterate for 4000 microsteps. 
  { 
    digitalWrite(steppin2, LOW);  // This LOW to HIGH change is what creates the 
    digitalWrite(steppin2, HIGH); // "Rising Edge" so the easydriver knows to when to step. 
    delayMicroseconds(1000);      // This delay time is close to top speed for this 
  }                              // particular motor. Any faster the motor stalls. 
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  digitalWrite(dirpin2, HIGH);    // Change direction. 
  delay(100); 
 
   for (i = 0; i<1500; i++)       // Iterate for 4000 microsteps 
  { 
    digitalWrite(steppin2, LOW);  // This LOW to HIGH change is what creates the 
    digitalWrite(steppin2, HIGH); // "Rising Edge" so the easydriver knows to when to step. 
    delayMicroseconds(1000);      // This delay time is close to top speed for this 
  }                              // particular motor. Any faster the motor stalls. 
 
                                  // Tray 2 part 
  digitalWrite(dirpin1, HIGH);    // Change direction. 
  delay(500); 
 
 
  for (i = 0; i<3650; i++)       // Iterate for 4000 microsteps 
  { 
    digitalWrite(steppin1, LOW);  // This LOW to HIGH change is what creates the 
    digitalWrite(steppin1, HIGH); // "Rising Edge" so the easydriver knows to when to step. 
    delayMicroseconds(700);      // This delay time is close to top speed for this 
  }                              // particular motor. Any faster the motor stalls.  
 
  delay(1000); 
 
} 
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Appendix D:  Senior Design Day Poster 
 
